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(54) METHOD AND UNIT FOR CIRCULATING INK IN LIQUID INK PRINTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent defective 

priming action of a nozzle in an ink jet print head _ 
due to a foam. / 
SOLUTION: An ink jet printer comprises a liquid 
ink printing head 26 traversing a recording medium 
reciprocally 1 1 , and ink circulation units 30, 34, 36, 
38, 44, 46 coupled with the print head and 
circulating an ink through the print head 
depending on the movement of the print head. 
The ink circulation unit comprises an ink flow 
direction controller 44 for circulating the ink 
unidirectionally through the print head. Bubbles in 
the ink are collected in the air chamber of an ink 
supply source by means of the circulating ink flow 
and then removed therefrom. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid ink printer which is combined with the liquid ink print head 
constituted so that a record medium might be crossed and it might move 
reciprocately in the liquid ink printer of form of making liquid ink adhering to a record 
medium, and the aforementioned print head, and is characterized by having the ink 
circulation system which circulates ink through the aforementioned print head 
according to movement of the aforementioned print head which carries out 
reciprocating movement. 

[Claim 2] The liquid ink printer characterized by having the ink style 
directional-control machine which, on the other hand, turns to ** the flow of the ink 
which the aforementioned ink circulation system circulated through the 
aforementioned print head in a liquid ink printer according to claim 1. 
[Claim 3] The cellular removal method which is a method of removing a foam from ink, 
in the liquid ink printer equipped with the liquid ink print head constituted so that a 
record medium might be crossed and it might move reciprocately, and is characterized 
by to consist of the step which circulates ink through this print head, and the step 
which collects the foams which moved in the ink through which it circulates according 
to movement of the aforementioned print head which carries out reciprocating 
movement. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Industrial Application] Generally this invention relates to the ink circulation system 
for liquid ink printers which circulates ink using movement of the liquid ink printer 
equipped with the liquid ink print head which moves reciprocately, and the print head 
which moves reciprocately in a detail more. 
[0002] 

[Description of the Prior Art] For example, it came to be recognized cleaning a nozzle 
periodically, while using the print head, or by putting a cap on the print head, when not 
using it for a long period of time that there is the need of preserving the ink jet nozzle 
of the ink-jet print head. Putting a cap on the print head has the intention of 
preventing the ink in the print head drying. Furthermore, it is required before use to 
carry out the priming (priming) of the print head and to maintain the right function of a 
nozzle periodically as the ink channel of the print head is completely filled with ink 
certainly and the pollutant or the foam is not included, for example, the maintenance 
station and (or) priming station for the print head of the ink jet printer of various form 
are indicated by U.S. Pat. No. 4,855,764, U.S. Pat. No. 4,853,717, and U.S. Pat. No. 
4,746,938 Moreover, the method of removing a gas from the ink reservoir of the print 
head during printing at U.S. Pat. No. 4,679,059 is indicated. 

[0003] The equipment which absorbs the shock to the ink source of supply of an ink 
jet printer to U.S. Pat. No. 4,347,524 is indicated. In order to make influence of the 
physical shock of the ink supply pipe to the ink in the print head, or an ink supply 
cartridge into the minimum, the impact-absorption mechanism is arranged in the ink 
supply pipe. Since a flow rate locking device and reservoir equipment with a tube with 
a long diameter smaller than the diameter of an ink supply pipe are arranged, the 
physical characteristic of an impact-absorption mechanism resembles the electrical 
property of RC (it consists of resistance and capacitor) low pass filter. 
[0004] U.S. Pat. No. 4,837,585 is indicating the continuous system ink jet printer 
equipped with the damping equipment which reduces transitional change of the ink 
pressure in the print head, the ink supply to which the ink circulation system was 
connected with the cavity entrance of the print head — a conduit and the ink return 
connected with the cavity outlet — it has a conduit 

[0005] the European Patent application public presentation 0476317th -A2 No. is 
indicating the ink-jet recording device which uses an ink tank and the aforementioned 
ink tank An ink tank prevents that a foam mixes in the ink liquid supplied to the 
recording head of a recording device. The auxiliary tank which has an air reservoir 
between a recording head and an ink tank is arranged. 
[0006] 
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[Means for Solving the Problem] It is combined with the liquid ink print head 
constituted so that a record medium might be crossed and it might move 
reciprocately as the 1st mode, and this print head, and this invention offers the liquid 
ink printer of form of making liquid ink adhering to a record medium equipped with the 
ink circulation system which circulates ink through this print head according to 
movement of the print head. 

[0007] this invention offers the method of removing a foam from ink, in the liquid ink 
printer equipped with the liquid ink print head constituted so that a record medium 
might be crossed and it might move reciprocately as the 2nd mode. This method 
consists of the step which circulates ink through the print head, and the step which 
collects the foams which moved in the ink through which it circulates according to 
movement of the print head moving reciprocately. 
[0008] 

[Embodiments of the Invention] Drawing 1 shows the both-way carriage type thermal 
ink jet printer 10 which generates a color image or monochrome image to a form 1 1 (or 
you may be transparence material or a web-like record medium). The ink cartridge 12 
by which ink went into the interior is attached in carriage 14. This carriage 14 crosses 
the form 1 1 which is moving to the form travelling direction 1 8, and it is constituted so 
that it may move namely, move reciprocately forward and backward in the processing 
direction 16. A form 1 1 is moved to the form travelling direction 18 by the step motor 
or other rate delivery motors 20. As for a step motor or other rate delivery motors 20, 
it is desirable to be constituted so that rate delivery of the form 1 1 may be carried out 
to the form travelling direction 18 between printing SUWASU (partition) which moved 
the form 1 1 to the form travelling direction 18 in the shape of a step, held the form 1 1 
to the static position while the cartridge 12 crossed the form 1 1 in the processing 
direction 16 and was moving to it, and was produced by operation of the after 
cartridge 12. 

[0009] Carriage 1 4 is equipped with one of the various possible meanses which 
crosses a form 11 and moves a cartridge 12 forward and backward. Carriage 14 is 
equipped with the leading screw 22 with the thread part which carries out the 
structure and interaction which can be rotated as shown in drawing 1 . If a leading 
screw is rotated by the motor (not shown), according to the interaction of the 
structure of carriage 14, and a leading screw, carriage 14 and the cartridge 12 
attached on it will cross a form 1 1, and will move in the processing direction 16. In the 
case of almost all the examples of the ink jet printer which uses this invention, it is 
desirable that rotation of a leading screw 22 brings about almost uniform movement 
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before and after a cartridge 12 so that printing operation can be performed 
bidirectional^. Since mechanical stability is given to movement of carriage 14, it can 
let the stabilizer rod 24 pass to the hole of carriage 14. Of course, you may use the 
belt-pulley equipment known for an alternative means, for example, this field, to make 
carriage 14 and a cartridge 12 move reciprocately instead of. [ a leading screw ] 
[0010] As shown in drawing 1 . the print head 26 suitable for the direction of a form 1 1 
is in the bottom of a cartridge 12. The print head 26 consists of alignment arrays 
beyond one or it of a thermal ink-jet nozzle, and each nozzle is connected with the 
specific ink source of supply in the way explained in detail below according to the 
specific example of this invention. Generally, since the alignment array of the print 
head 26 is prolonged in the direction parallel to the form travelling direction 18, if a 
cartridge 12 moves in the processing direction 16, an alignment array will cross and 
carry out the "sweep" of the form, therefore will generate printing SUWASU. While 
carriage crosses a form 1 1 and is moving, many nozzles of an alignment array operate, 
emit the ink of the adjusted amount to the configuration of an image, and form a 
desired image on a form. The typical resolution of the nozzle of the print head 26 is 
200 - 1 200 nozzle / inch. 

[001 1] Moreover, the hot plate 28 shown down-stream along with the form travelling 
direction 18 at the dryness means, for example, drawing 1 , is arranged. The purpose 
of a dryness means is giving energy more quickly. Although the hot plate 28 was 
illustrated to drawing 1 , as a dryness means, there are equipments of a large number 
which give heat or other energy to the ink on a form 1 1 , such as a microwave 
generator. 

[0012] It is related on the print head 26 and operation, the data entry unit 30, i.e.. the 
controller, connected to the print head 26 by bus 32. The purpose of a controller 30 is 
drawing a desired image in ink on a form 1 1 according to digital data by harmonizing 
the operation of many nozzles of the print head 26 with the movement of the cartridge 
12 of the processing direction 16, and the movement of the form 1 1 of the form 
travelling direction 18. The image data of a digital format is inputted into a controller 
30. A controller 30 adjusts the position of the print head 26 to a form 1 1 , if needed, is 
the method of common knowledge to the expert of the field of ink-jet printing, and 
operates many nozzles. The controller 30 is related with the further various motors 20. 
for example, the motor which controls the position of the form 1 1 of the form 
travelling direction 18. and the motor (not shown) which controls movement of 
carriage 14 on operation. 

[0013] As shown in drawing 1 , the cartridge 12 is connected to the ink source of 
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supply 34 with the 1st flexible tube 36 and the 2nd flexible tube 38. The ink for a 
supplement included in the ink source of supply 34 is used in order to fill up the little 
ink which is stored in a cartridge 1 2 and supplied to the print head 26. Two or more mk 
sources of supply containing the ink of a different color are also contained in the 
range of this invention. During use. the ink included in the ink source of supply 34 
moves in the direction of an arrow 40 toward an ink cartridge 12 through the 1st ink 
supply tube 36. passes along an ink cartridge 12 and moves in the direction of an 
arrow 42 through the 2nd ink supply tube 38 of after [ the ]. 

[0014] The blinding of the ink nozzle which occurs in order that a foam may take up 
the path of ink of the main problems which afflict an ink jet printer, i.e.. a priming, 
(pump-priming operation) is poor as known for this field. Moreover, the ink jet printer 
which has obtained the pressure below atmospheric pressure required to supply mk to 
a nozzle depending on ink level tends to be influenced of the foam accumulated in the 
storing place in a cartridge, i.e., a manifold. Since the accumulated foam causes the 
poor priming of a manifold, it may check that ink flows normally to an ink channel and 
an ink nozzle. It is considered that management of the cellular formation by these 
reasons is the 1st target of all ink supply bubble equipments. 

[0015] One main generation source of cellular formation is air contained in ink itself. 
Ink liquid contains the air of a constant rate, and if the temperature of ink becomes 
high, the gas evolution of it will be carried out. Generally the gas evolution of air starts 
in formation of a countless small foam, finally may coalesce, may become a bigger 
foam and may check normal operation of the ink-jet print head. As other air 
generation sources, there is permeability of the material connected and used between 
leak into the ink which is contained in the ink source of supply, the ink source of 
supply by the air space in an ink source of supply and the ink supply tube if the ink 
source of supply is not completely filled with ink. and the cartridge. One solution is 
driving out a foam of ink by circulating ink to the print head through the ink reservo.r. 
i e the manifold, which supplies ink as known for this field. Since such equipment 
generally needs a pump, an electric control valve, and a related electronic control, the 
manufacturing cost of a product becomes quite high. Therefore, since the known 
equipment which removes a foam from an ink source of supply at the same time it 
generally gives sufficient performance makes the manufacturing cost of all the un.ts of 
a printer high, it is not desirable. 

[0016] Carriage 14 and a cartridge 12 are accelerated from a static position to a 
remarkable fixed speed, and this invention recognizes that it is immediately returned 
to a static position that printing is completed, and uses the acceleration force and the 
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slowdown force (movement is brought to the ink) of acting on the ink supply tube 36 
and the ink in 38. In order to use these force positively, this invention is equipped with 
the ink style directional-control machine 44 which turns the acceleration force and 
the slowdown force of the printing head cartlidge 12 to circulating ink by on the other 
hand restricting movement of the ink supply tube 36 and the ink in 38 only to **. By 
this circulation by which induction was carried out with the passive element, i.e., ink, 
style directional-control vessel 44, a foam moves to a collection place through 
equipment, and is removed from equipment there. 

[0017] Drawing 2 shows the schematic drawing of the ink circulation system of this 
invention connected with the printing head cartlidge 12. In this drawing, in order to 
show the ink reservoir 46 with the entrance 48 which receives ink from the ink source 
of supply 34 containing the ink which the print head 26 uses, and an outlet 50, outside 
housing of the printing head cartlidge 12 is removed. In this field, in order to remove 
the heat which the print head generated as known, the heat sink 52 is formed. The 
example of drawing 2 shows the ink-jet print head of a quiescent state, and contains 
the foam which gathered into the flexible tube 36. 

[0018] The closed position has shown the ink style directional-control machine 44 (a 
check valve can be included into it). If a controller 30 generates the printing signal 
which makes ink the print head 26 adhere to a form 1 1, the printing head cartlidge 12 
will move in the direction of an arrow 56, as shown in drawing 3 . If the print head 
begins to move, since the print head will be accelerated in the direction of an arrow 56, 
a considerable pressure surge occurs in the ink included in the ink reservoir 46, and 
the flow of ink arises. Since ink still tends to be quiescence, a pressure occurs in the 
direction opposite to the acceleration direction, and, as a result, ink flows in the 
direction of arrows 40 and 42. When only 3/4 inch distance carries out rate delivery of 
the cartridge 12 and the force of 1 G was produced, it turns out that the pressure of 9 
inches or more occurs in a water column. Since the ink style directional-control 
machine 44 opens in response to this pressure as shown in drawing 3 , ink flows in the 
shown direction which is produced from a positive pressure surge. A reverse direction 
flow is prevented by stoppage (shortly after acceleration finishes, ink occurs 
according to returning to a quiescent state efficiently) of a check valve. 
[0019] By carrying out rate delivery of the carriage several times showed that a foam 
moved into the ink source of supply 34 from a manifold 46, i.e.. an ink reservoir. In 
order to collect the foams which moved, the ink source of supply 34 is equipped with 
the air chamber 58 which collects the air from which it seceded, the air which moved 
into the ink source of supply secedes from an ink reservoir, and it enters into an air 
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chamber 58 — as — the 1 direction gas permeable membrane 60 — for example, — 
Goretex (trademark) The ink reservoir of an ink source of supply can be covered. 
Moreover, by carrying out a theoretical analysis or an experiential examination and 
knowing the acceleration produced by moving print head carriage from a static 
position, the bore of the ink supply tubes 40 and 42 can be selected so that circulation 
efficiency may become the maximum. 

[0020] Although this invention offers the alternate device of the low cost to the 
design which uses compulsive ink circulation, the method of circulating ink by this 
invention has an additional advantage. If period use is not carried out, since there is a 
certain thing [ that the internal big surface area and the internal rate of steam 
transition of an ink supply tube degrade an ink compound ] about the ink of a specific 
color, this invention circulates the ink of all colors regardless of the existence of use. 
Since the water loss of the particular part of the ink which remained in the ink tube 
decreases by this continuation ink circulation, possibility that an ink compound will 
deteriorate decreases sharply. 

[0021] Drawing 4 shows another example of this invention which has arranged the air 
chamber 62, i.e., an air reservoir, on the ink reservoir 46 of a printing head cartridge so 
that the trap of the air of a constant rate may be carried out. Moreover, the 
independent ink service tank which is equipped with an air chamber and supplies ink to 
the print head is also possible. The superfluous air which ink circulates through the 
bottom of an air chamber continuously, therefore exists in ink escapes in an air 
chamber. Furthermore, since ink circulates through the bottom of an air chamber, air 
is carried also in the ink through which it circulates from an air reservoir to an ink 
source of supply. This is for the incompressibility of ink in case ink moves within an ink 
supply tube. Furthermore, an air chamber acts as a damper within an ink reservoir, and 
lessens influence of a pressure to an ink jet nozzle by adding flattery nature. 
Furthermore, two or more baffles 64 (you may prepare a small hole) carry out the work 
which weakens the effect that ink kneads PACHAPACHA within a manifold as an 
attenuation mechanism of the ink reservoir 46. 

[0022] this invention is not not only limited to the ink jet printer generally installed in 
office environment, but has the print head which moves 36 inches or the distance 
beyond it reciprocately, and it contains the industrial use plotter printed to a big form 
or a web-like record medium. Therefore, this invention shall include all the alternatives 
included in the pneuma of invention indicated to the claim, and the range of a wide 
sense, the correction object, and the equal object. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the partial perspective diagram of the ink jet printer incorporating this 
invention. 

[Drawing 2] It is the cross section of a printing head cartlidge and an ink circulation 
system. 

[Drawing 3] It is the cross section of a printing head cartlidge and an ink circulation 
system similar to drawing 2 showing the direction of an ink style. 
[Drawing 4] It is the cross section of a printing head cartlidge. 
[Description of Notations] 

10 Ink Jet Printer 

1 1 Record Medium (Form) 

12 Printing Head Cartlidge 
1 4 Carriage 

16 The Processing Direction 

18 Form Travelling Direction 

20 Step Motor 

22 Leading Screw 

24 Stabilizer Rod 

26 Print Head 

28 Hot Plate 

30 Controller 

32 Bus 

34 Ink Source of Supply 
36 38 Ink supply tube 

40 42 The direction of the ink style in a tube 

44 Ink Style Directional-Control Machine 

46 Ink Reservoir 

48 Entrance 

50 Outlet 

52 Heat Sink 

54 Foam 
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56 The Acceleration Direction 
58 Air Chamber 

60 On the Other Hand, it is ** Gas Permeable Membrane. 
62 Air Chamber 
64 Baffle 
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